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1. INTRODUCTION {#dom12872-sec-0005}
===============

In patients with type 2 diabetes (T2D), glucagon‐like peptide‐1 receptor agonists (GLP‐1RAs) lead to significant reductions in glycated haemoglobin (HbA1c) levels and body weight, and are now approved and used across the spectrum of T2D therapies, as an adjunct to diet and exercise, oral agents or insulin.[1](#dom12872-bib-0001){ref-type="ref"} GLP‐1RAs are associated with gastrointestinal adverse events (AEs), predominantly nausea, vomiting and diarrhoea. They act by stimulating insulin release and suppressing glucagon secretion in a glucose‐dependent fashion, while increasing satiety, slowing gastric emptying and inhibiting small intestinal motility.[2](#dom12872-bib-0002){ref-type="ref"}, [3](#dom12872-bib-0003){ref-type="ref"}

Differences between individual GLP‐1RAs have been observed regarding the type and frequency of gastrointestinal events,[1](#dom12872-bib-0001){ref-type="ref"} which may be related to the specific agent and/or to pharmacokinetic differences. It is now understood that with short‐acting GLP‐1RAs, such as exenatide twice daily and lixisenatide, postprandial glucose reduction is associated with substantial slowing of gastric emptying, whereas the slowing of gastric emptying is much less pronounced with longer‐acting GLP‐1RAs, such as liraglutide and exenatide once weekly.[4](#dom12872-bib-0004){ref-type="ref"}, [5](#dom12872-bib-0005){ref-type="ref"} Similar incidence rates for nausea, vomiting and diarrhoea have been reported among patients receiving exenatide twice daily and liraglutide once daily, although nausea was less persistent with liraglutide compared with exenatide twice daily,[6](#dom12872-bib-0006){ref-type="ref"} whereas lower incidences have been reported with exenatide once weekly.[4](#dom12872-bib-0004){ref-type="ref"}, [7](#dom12872-bib-0007){ref-type="ref"}, [8](#dom12872-bib-0008){ref-type="ref"} More information is needed, however, on the specific gastrointestinal effects of different GLP‐1RAs, including broader categories of gastrointestinal symptoms and the possibility that multiple symptoms occur concurrently, and on comparisons between individual GLP‐1RAs. Furthermore, patient subgroups that may be at greater risk of gastrointestinal AEs have not been defined, and the implications of these events for glycaemic control and weight loss with different GLP‐1RAs have not been explored in large patient populations.

The present analysis characterized gastrointestinal AEs associated with GLP‐1RAs using systematically collected clinical trial data from the exenatide once‐weekly development programme, including the frequencies and co‐incidence of gastrointestinal AEs in patients and subgroups of patients with T2D treated with exenatide once weekly, exenatide twice daily or liraglutide. The potential impact of gastrointestinal AEs on treatment effects, including reductions in HbA1c and weight, was also investigated.

2. MATERIALS AND METHODS {#dom12872-sec-0006}
========================

This was a *post hoc* analysis of individual patient data from studies in the exenatide once‐weekly development programme, with 6‐month safety data in which exenatide once weekly was compared directly with another GLP‐1RA.

Two analyses of patient‐level data were performed: a pooled analysis of three studies comparing exenatide once weekly with exenatide twice daily (DURATION‐1, DURATION‐5 and NCT00917267),[4](#dom12872-bib-0004){ref-type="ref"}, [7](#dom12872-bib-0007){ref-type="ref"}, [9](#dom12872-bib-0009){ref-type="ref"} and a separate analysis of the DURATION‐6 study, which compared exenatide once weekly and liraglutide.[8](#dom12872-bib-0008){ref-type="ref"}

The designs, inclusion and exclusion criteria, and primary findings of these studies have been reported elsewhere.[4](#dom12872-bib-0004){ref-type="ref"}, [7](#dom12872-bib-0007){ref-type="ref"}, [8](#dom12872-bib-0008){ref-type="ref"}, [9](#dom12872-bib-0009){ref-type="ref"} All studies were randomized, multicentre, open‐label trials designed to evaluate glycaemic control over treatment periods ranging from 24 to 30 weeks (Table S1, Supporting Information).[4](#dom12872-bib-0004){ref-type="ref"}, [7](#dom12872-bib-0007){ref-type="ref"}, [8](#dom12872-bib-0008){ref-type="ref"}, [9](#dom12872-bib-0009){ref-type="ref"} Typical titration schedules were followed for exenatide twice daily and liraglutide, with no titration required for exenatide once weekly (Table S1, Supporting Information). Final doses of study medication were exenatide once weekly 2 mg, exenatide twice daily 10 µg and liraglutide once daily 1.8 mg.

2.1. Recording of gastrointestinal AEs {#dom12872-sec-0007}
--------------------------------------

The data comprised spontaneous, patient‐reported gastrointestinal AEs recorded at study visits. The nature and severity of AEs described by patients were recorded by the investigator and were not adjudicated or assessed for severity according to any systematic rating scale. Gastrointestinal AEs were classified according to the Medical Dictionary for Regulatory Activities (MedDRA) terms.

Because investigators were not instructed as to how to define gastrointestinal AE terms, terms other than nausea, vomiting and diarrhoea were included. A list of all reported gastrointestinal AE terms, which did not specify treatment assignment, was reviewed by a gastroenterologist (C.K.R.). Oral events and those with known causes (eg, structural or infectious disorders) were excluded (Table S2, Supporting Information). Gastrointestinal AEs of interest (Table S2, Supporting Information) were then categorized anatomically as upper or lower, with review and consensus by all authors. A patient was categorized as having an "upper" or "lower" AE when only upper or lower gastrointestinal AEs, respectively, were reported and as having "upper + lower" gastrointestinal AEs when at least one upper and one lower gastrointestinal AE was reported either concurrently or at different times.

The intensity of gastrointestinal AEs was categorized as mild, moderate or severe, according to standard definitions, and standard criteria were used to identify serious AEs (Table S3, Supporting Information); patients could be included in up to three severity categories if they had ≥2 events of different intensity. Gastrointestinal AEs withdrawal rates were determined for each treatment, and specific AEs leading to discontinuation were recorded.

2.2. Analysis of patient subgroups {#dom12872-sec-0008}
----------------------------------

Patient subgroups were defined according to characteristics that could potentially influence the incidence of gastrointestinal AEs (sex, race/ethnicity \[Asian/Hispanic/white\], background metformin \[use/non‐use\]) or response to therapy (occurrence or absence of gastrointestinal AEs of interest).

2.3. Event timing {#dom12872-sec-0009}
-----------------

The timing of specific gastrointestinal AEs was studied with reference to treatment initiation (days on therapy) when an individual event was studied. The proportion of patients with an AE was calculated using the number of patients remaining in the study at each time interval as the denominator. When the timing of multiple gastrointestinal AEs was studied, one was defined as the reference event and the timing of other events was calculated as days before or after the first occurrence of this event.

2.4. Statistical analyses {#dom12872-sec-0010}
-------------------------

All analyses were conducted for the intention‐to‐treat populations of the included studies, defined as all randomized patients who had taken ≥1 dose of study drug. Only gastrointestinal AEs with onset or worsening after the first randomized study medication dose were analysed. For the purpose of integration, all AEs were re‐coded using MedDRA version 16.0.

Incidences of various categories of gastrointestinal AEs were determined in terms of patient numbers, and percentages were calculated from the total size of the appropriate treatment population. Proportions of patients with specific gastrointestinal AEs were compared between treatments using Fisher\'s exact test, and two‐sided *P* values at the α levels of .05, .001 and .0001 are reported.

Baseline characteristics were calculated descriptively as mean ± standard deviation (s.d.). Changes in HbA1c and body weight were calculated as mean change ± standard error (s.e.) in the defined patient subpopulation. Changes from baseline in HbA1c and body weight at study endpoint were evaluated, with missing data for HbA1c and weight inferred using the last observation carried forward method. Within‐group comparisons of HbA1c and body weight were conducted using a paired t‐test, while between‐group comparisons were made using Student\'s t‐test; both reported two‐sided *P* values at the α level of .05.

Subgroups with \<30 patients were considered to be of insufficient size for statistical analysis.

3. RESULTS {#dom12872-sec-0011}
==========

3.1. Study population {#dom12872-sec-0012}
---------------------

The pooled analysis population included 1223 patients (exenatide once weekly, n = 617; exenatide twice daily, n = 606) and the DURATION‐6 analysis included 911 patients (exenatide once weekly, n = 461; liraglutide, n = 450).

Patient characteristics in the two populations were generally similar; however, the pooled analysis included a greater proportion of Asian patients (56% vs 12%) and a smaller proportion of white patients (31% vs 65%) than DURATION‐6, and patients in the pooled analysis had numerically lower mean body weight and body mass index (Table [1](#dom12872-tbl-0001){ref-type="table-wrap"}).

###### 

Baseline patient characteristics for pooled analysis and DURATION‐6

                                                                       Pooled analysis [1](#dom12872-note-0004){ref-type="fn"} (N = 1223)   DURATION‐6 (N = 911)               
  -------------------------------------------------------------------- -------------------------------------------------------------------- ---------------------- ----------- -----------
  Age, years                                                           55 ± 11                                                              56 ± 10                56 ± 9      56 ± 10
  Men, n (%)                                                           342 (55)                                                             326 (54)               254 (55)    245 (54)
  Race/ethnicity, n (%)                                                                                                                                                        
  White                                                                204 (33)                                                             173 (29)               304 (66)    287 (64)
  Asian                                                                345 (56)                                                             344 (57)               55 (12)     56 (12)
  Hispanic                                                             53 (9)                                                               61 (10)                98 (21)     99 (22)
  Black                                                                15 (2)                                                               28 (5)                 3 (1)       3 (1)
  Other                                                                0                                                                    0                      1 (\<1)     4 (1)
  Body weight, kg                                                      83 ± 22                                                              83 ± 21                91 ± 19     91 ± 19
  BMI, kg/m^2^                                                         30 ± 6                                                               30 ± 6                 32 ± 6      32 ± 5
  HbA1c, %                                                             8.5 ± 1.1                                                            8.5 ± 1.1              8.4 ± 1.0   8.4 ± 1.0
  FPG, mmol/L                                                          9.2 ± 2.5                                                            9.2 ± 2.6              9.6 ± 2.5   9.8 ± 2.6
  Duration of T2D, years                                               7 ± 5                                                                8 ± 6                  8 ± 6       9 ± 6
  Background metformin, n (%)[2](#dom12872-note-0005){ref-type="fn"}   506 (82)                                                             484 (80)               436 (95)    425 (94)

Values are reported as mean ± s.d., unless otherwise stated.

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose.

Studies included DURATION‐1, DURATION‐5 and NCT00917267.

Use of metformin alone or in combination with sulphonylurea, thiazolidinedione, insulin, or other glucose‐lowering therapy.

3.2. Incidences of gastrointestinal AEs {#dom12872-sec-0013}
---------------------------------------

Overall, gastrointestinal AEs of interest occurred in a smaller proportion of patients treated with exenatide once weekly vs exenatide twice daily (34% vs 45%; *P* \< .0001), and with exenatide once weekly vs liraglutide (25% vs 41%; *P* \< .0001; Figure [1](#dom12872-fig-0001){ref-type="fig"}A and B).

![Incidences of gastrointestinal AEs in patients receiving GLP‐1RAs in A, pooled analysis and B, DURATION‐6; timing of nausea events in C, pooled analysis and D, DURATION‐6; timing of diarrhoea events in E, pooled analysis and F, DURATION‐6. GI, gastrointestinal. \*P \< .001. \#Proportion of patients remaining on study at each time interval.](DOM-19-672-g001){#dom12872-fig-0001}

Fewer upper gastrointestinal AEs were noted for exenatide once weekly compared with exenatide twice daily and liraglutide, respectively (Figure [1](#dom12872-fig-0001){ref-type="fig"}A and B); this applied to patients reporting only upper gastrointestinal AEs with exenatide once weekly vs exenatide twice daily (*P* \< .0001), exenatide once weekly vs liraglutide (*P* \< .001), and to those reporting both upper and lower gastrointestinal AEs with exenatide once weekly vs liraglutide (*P* \< .001). There were no between‐group differences in the proportion of patients with only lower gastrointestinal AEs in either analysis.

Analysis of lower gastrointestinal AEs by type (diarrhoea, constipation or both) showed no difference between exenatide once weekly and exenatide twice daily, although fewer patients treated with exenatide once weekly vs liraglutide reported lower gastrointestinal AEs (*P* \< .01; Table [2](#dom12872-tbl-0002){ref-type="table-wrap"}). The only significant between‐group difference for individual lower gastrointestinal AEs was that fewer patients reported diarrhoea with exenatide once weekly than with liraglutide (*P* \< .001).

###### 

Incidences of specific lower gastrointestinal AEs in patients treated with GLP‐1RAs, and comparisons of gastrointestinal AEs between patient subgroups

                                                                                                                                          Pooled analysis                                      DURATION‐6                                                                                               
  --------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  **Subset of lower gastrointestinal AEs, n (%)**                                                                                                                                                                                                                                                       
  Total                                                                                                                                   98 (15.9)                                            86 (14.2)                                            50 (10.8)                                           84 (18.7)[‡](#dom12872-note-0006b){ref-type="fn"}
  Diarrhoea + constipation                                                                                                                7 (1.1)                                              4 (0.7)                                              3 (0.7)                                             3 (0.7)
  Diarrhoea only                                                                                                                          62 (10.0)                                            47 (7.8)                                             28 (6.1)                                            61 (13.6)[\*](#dom12872-note-0006){ref-type="fn"}
  Constipation only                                                                                                                       29 (4.7)                                             35 (5.8)                                             19 (4.1)                                            20 (4.4)
  **Sex: women/men, n (%)** [1](#dom12872-note-0007){ref-type="fn"}                                                                                                                                                                                                                                     
  N (women/men)                                                                                                                           275/342                                              280/326                                              207/254                                             205/245
  Total                                                                                                                                                                                                                                                                                                 
  Women                                                                                                                                   106 (38.5)[‡](#dom12872-note-0006b){ref-type="fn"}   157 (56.1)[\*](#dom12872-note-0006){ref-type="fn"}   66 (31.9)[†](#dom12872-note-0006a){ref-type="fn"}   99 (48.3)[†](#dom12872-note-0006a){ref-type="fn"}
  Men                                                                                                                                     103 (30.1)                                           118 (36.2)                                           50 (19.7)                                           87 (35.5)
  Upper + lower                                                                                                                                                                                                                                                                                         
  Women                                                                                                                                   34 (12.4)                                            37 (13.2)                                            16 (7.7)                                            34 (16.6)
  Men                                                                                                                                     27 (7.9)                                             27 (8.3)                                             14 (5.5)                                            28 (11.4)
  Upper only                                                                                                                                                                                                                                                                                            
  Women                                                                                                                                   46 (16.7)                                            101 (36.1)[\*](#dom12872-note-0006){ref-type="fn"}   31 (15.0)[‡](#dom12872-note-0006b){ref-type="fn"}   49 (23.9)[‡](#dom12872-note-0006b){ref-type="fn"}
  Men                                                                                                                                     44 (12.9)                                            62 (19.0)                                            19 (7.5)                                            37 (15.1)
  Lower only                                                                                                                                                                                                                                                                                            
  Women                                                                                                                                   26 (9.5)                                             19 (6.8)                                             19 (9.2)                                            16 (7.8)
  Men                                                                                                                                     32 (9.4)                                             29 (8.9)                                             17 (6.7)                                            22 (9.0)
  **Race/ethnicity: Asian/Hispanic/white, n (%)** [1](#dom12872-note-0007){ref-type="fn"} *^,^* [2](#dom12872-note-0008){ref-type="fn"}                                                                                                                                                                 
  N (Asian/Hispanic/white)                                                                                                                345/53/204                                           344/61/173                                           55/98/304                                           56/99/287
  Total                                                                                                                                                                                                                                                                                                 
  Asian                                                                                                                                   102 (29.6)[\*](#dom12872-note-0006){ref-type="fn"}   154 (44.8)                                           21 (38.2)[‡](#dom12872-note-0006b){ref-type="fn"}   33 (58.9)[†](#dom12872-note-0006a){ref-type="fn"}
  Hispanic                                                                                                                                9 (17.0)[\*](#dom12872-note-0006){ref-type="fn"}     22 (36.1)                                            24 (24.5)                                           36 (36.4)
  White                                                                                                                                   93 (45.6)                                            88 (50.9)                                            69 (22.7)                                           113 (39.4)
  Upper + lower                                                                                                                                                                                                                                                                                         
  Asian                                                                                                                                   29 (8.4)[‡](#dom12872-note-0006b){ref-type="fn"}     35 (10.2)                                            8 (14.5)[‡](#dom12872-note-0006b){ref-type="fn"}    12 (21.4)
  Hispanic                                                                                                                                1 (1.9)[†](#dom12872-note-0006a){ref-type="fn"}      2 (3.3)[‡](#dom12872-note-0006b){ref-type="fn"}      7 (7.1)                                             14 (14.1)
  White                                                                                                                                   29 (14.2)                                            24 (13.9)                                            15 (4.9)                                            34 (11.8)
  Upper only                                                                                                                                                                                                                                                                                            
  Asian                                                                                                                                   41 (11.9)[†](#dom12872-note-0006a){ref-type="fn"}    87 (25.3)                                            7 (12.7)                                            13 (23.2)
  Hispanic                                                                                                                                4 (7.5)[‡](#dom12872-note-0006b){ref-type="fn"}      16 (26.2)                                            9 (9.2)                                             15 (15.2)
  White                                                                                                                                   42 (20.6)                                            54 (31.2)                                            34 (11.2)                                           58 (20.2)
  Lower only                                                                                                                                                                                                                                                                                            
  Asian                                                                                                                                   32 (9.3)                                             32 (9.3)                                             6 (10.9)                                            8 (14.3)
  Hispanic                                                                                                                                4 (7.5)                                              4 (6.6)                                              8 (8.2)                                             7 (7.1)
  White                                                                                                                                   22 (10.8)                                            10 (5.8)                                             20 (6.6)                                            21 (7.3)
  **Background metformin: use** [3](#dom12872-note-0009){ref-type="fn"} **/non‐use, n (%)** [1](#dom12872-note-0007){ref-type="fn"}                                                                                                                                                                     
  N (metformin/no metformin)                                                                                                              506/111                                              484/122                                                                                                  
  Total                                                                                                                                                                                                                                                                                                 
  Metformin                                                                                                                               166 (32.8)                                           225 (46.5)                                                                                               
  No metformin                                                                                                                            43 (38.7)                                            50 (41.0)                                                                                                
  Upper + lower                                                                                                                                                                                                                                                                                         
  Metformin                                                                                                                               48 (9.5)                                             55 (11.4)                                                                                                
  No metformin                                                                                                                            13 (11.7)                                            9 (7.4)                                                                                                  
  Upper only                                                                                                                                                                                                                                                                                            
  Metformin                                                                                                                               68 (13.4)                                            135 (27.9)                                                                                               
  No metformin                                                                                                                            22 (19.8)                                            28 (23.0)                                                                                                
  Lower only                                                                                                                                                                                                                                                                                            
  Metformin                                                                                                                               50 (9.9)                                             35 (7.2)                                                                                                 
  No metformin                                                                                                                            8 (7.2)                                              13 (10.7)                                                                                                

P \< .001.

P \< .01.

P \< .05.

Statistical comparisons for subgroups are within each treatment group.

White subgroup used as reference for comparisons.

Metformin alone or in combination with other oral glucose‐lowering drugs or insulin.

"Pancreatitis" or "acute pancreatitis" was recorded for one patient each in both the pooled analysis and DURATION‐6; these patients were in the exenatide once‐weekly group. Individual gastrointestinal AEs reported in each treatment group are presented in Table S4, Supporting Information.

3.3. Patient subgroups {#dom12872-sec-0014}
----------------------

### 3.3.1. Sex {#dom12872-sec-0015}

A greater proportion of women than men reported gastrointestinal AEs in both the pooled analysis (*P* \< .05 for exenatide once weekly; *P* \< .0001 for exenatide twice daily) and DURATION‐6 (*P* \< .01 for exenatide once weekly; *P* \< .01 for liraglutide; Table [2](#dom12872-tbl-0002){ref-type="table-wrap"}).

### 3.3.2. Race/ethnicity {#dom12872-sec-0016}

There were differences in the proportion of patients reporting gastrointestinal AEs when categorized by race/ethnicity in both analyses, but the direction of the difference was inconclusive (Table [2](#dom12872-tbl-0002){ref-type="table-wrap"}). In the pooled analysis, the proportion of patients with gastrointestinal AEs in the exenatide once‐weekly group was lower for Asian and Hispanic patients than for white patients (both *P* \< .001), without any difference for exenatide twice‐daily‐treated patients. In DURATION‐6, the proportion of patients with gastrointestinal AEs was higher for Asian than for white patients with both exenatide once weekly (*P* \< .05) and liraglutide (*P* \< .01), with no differences between Hispanic and white patients.

### 3.3.3. Background metformin use {#dom12872-sec-0017}

Continued use of metformin was not associated with increased gastrointestinal AEs in the pooled population (Table [2](#dom12872-tbl-0002){ref-type="table-wrap"}).

3.4. Timing of gastrointestinal AEs {#dom12872-sec-0018}
-----------------------------------

Nausea was the most common gastrointestinal AE throughout the treatment period but differed between the GLP‐1RAs. For exenatide once weekly, few patients reported nausea during each 2‐week interval, and the proportion was consistently lower than with exenatide twice daily or liraglutide (Figure [1](#dom12872-fig-0001){ref-type="fig"}C and D). With exenatide twice daily, nausea incidence peaked at weeks 4 to 6 and declined thereafter; for liraglutide, the proportion of patients reporting nausea was highest during the first 4 weeks, before decreasing.

The proportions of patients reporting vomiting, diarrhoea and constipation during any 2‐week interval were \<7%, \<9% and \<5%, respectively, for all treatments.

Vomiting remained infrequent throughout treatment with exenatide once weekly in the pooled analysis, while there was a peak at weeks 4 to 6 for exenatide twice daily. Similarly in DURATION‐6, vomiting remained uncommon for exenatide once weekly throughout, but peaked during weeks 0 to 4 for liraglutide.

Diarrhoea was more frequent with exenatide once weekly (peaking at weeks 2--4) than with exenatide twice daily (peaking at weeks 4--6) and declined thereafter for each (Figure [1](#dom12872-fig-0001){ref-type="fig"}E). In DURATION‐6, diarrhoea was more frequent with liraglutide (peaking at weeks 0--4) than with exenatide once weekly (Figure [1](#dom12872-fig-0001){ref-type="fig"}F). The proportion of patients reporting constipation remained low throughout treatment in all groups.

The first gastrointestinal AE of any kind occurred most frequently during the first 5 days for all treatments, with another peak between days 25 and 30 for exenatide twice daily. Few first events occurred after 3 months.

During the first 5 days of treatment, there were 40 first gastrointestinal AEs with exenatide once weekly, compared with 93 with exenatide twice daily. First events occurred in 20 exenatide once‐weekly‐treated patients, compared with 65 liraglutide‐treated patients (Figure [2](#dom12872-fig-0002){ref-type="fig"}A and B). First events were more frequently upper than lower gastrointestinal AEs. Among patients who reported both upper gastrointestinal AEs and diarrhoea, these events generally occurred within 10 days of each other (Figure [2](#dom12872-fig-0002){ref-type="fig"}C and D).

![Timing of first gastrointestinal AEs in the DURATION‐6 study in patients receiving: A, exenatide once weekly and B, liraglutide (events shown for 5‐day intervals from day 0 to day 100); temporal association between diarrhoea events and the first upper gastrointestinal AE in C, pooled analysis and D, DURATION‐6; impact of gastrointestinal AEs on change from baseline in E, HbA1c and F, body weight in the pooled analysis and DURATION‐6. \*P \< .05 vs no gastrointestinal events.](DOM-19-672-g002){#dom12872-fig-0002}

3.5. Severity, serious events and events leading to withdrawal {#dom12872-sec-0019}
--------------------------------------------------------------

Gastrointestinal AEs were predominantly mild (74.8% for exenatide once weekly and 75.5% for exenatide twice daily; 83.0% for exenatide once weekly and 74.3% for liraglutide).

In the pooled analysis, mild, moderate and severe gastrointestinal AEs were reported by 30.3%, 9.7% and 1.3% of exenatide once‐weekly‐treated patients and by 38.6%, 12.4% and 1.7% of exenatide twice‐daily‐treated patients, respectively. In DURATION‐6, the corresponding proportions were 23.0%, 4.8% and 1.3% for exenatide once weekly and 34.2%, 12.9% and 2.9% for liraglutide.

Few serious gastrointestinal AEs were reported for any of the GLP‐1RAs (four with exenatide once weekly and two with exenatide twice daily in the pooled analysis; three with exenatide once weekly and three with liraglutide in DURATION‐6 \[Table S5, Supporting Information\]).

Discontinuation because of gastrointestinal AEs was infrequent and occurred less with exenatide once weekly vs exenatide twice daily (1% vs 6% of patients; *P* \< .0001) and exenatide once weekly vs liraglutide (1% vs 4% of patients; *P* \< .05). Nausea and vomiting were the gastrointestinal AEs that most often led to withdrawal of exenatide twice daily and liraglutide; no trend was apparent for exenatide once weekly (Table S6, Supporting Information). In the exenatide twice‐daily and liraglutide groups, nausea events that led to withdrawal mainly occurred within the first month of treatment.

3.6. Association between gastrointestinal AEs and treatment effects {#dom12872-sec-0020}
-------------------------------------------------------------------

Reductions from baseline in HbA1c and body weight occurred with all treatments at week 26 (all *P* \< .05 vs baseline). The reduction in HbA1c did not differ between patients with upper and/or lower gastrointestinal AEs and those without in any analysis (Figure [2](#dom12872-fig-0002){ref-type="fig"}E). Weight loss was greater in patients who reported gastrointestinal AEs than in those who did not in the exenatide once‐weekly (−2.7 kg vs −2.0 kg; *P* \< .05) and exenatide twice‐daily groups (−2.8 kg vs −2.0 kg; *P* \< .05) in the pooled analysis (Figure [2](#dom12872-fig-0002){ref-type="fig"}F). There were no differences in weight loss for exenatide once weekly or liraglutide in DURATION‐6 (Figure [2](#dom12872-fig-0002){ref-type="fig"}F).

4. DISCUSSION {#dom12872-sec-0021}
=============

Gastrointestinal symptoms occur frequently in patients with T2D and represent a substantial cause of morbidity,[10](#dom12872-bib-0010){ref-type="ref"} so it is important to understand the potential effects of medications on these symptoms. GLP‐1RAs have been shown to reduce HbA1c and body weight, with low intrinsic risk of hypoglycaemia. One potential AE associated with these agents is an increase in gastrointestinal events that is transient in most cases.[1](#dom12872-bib-0001){ref-type="ref"} As such, understanding the specific gastrointestinal AE profile and how it varies across the GLP‐1RA class is of interest for patients and physicians, and may be useful in guiding therapy.

Both pooled patient‐level data and a single trial were studied in the present analysis, so that data for three separate GLP‐1RAs were available. The most common gastrointestinal AEs reported were nausea, vomiting and diarrhoea. Other diagnoses, including dyspepsia and gastroesophageal reflux disease, were also associated with the GLP‐1RAs studied, but differed between individual GLP‐1RAs and were reported less frequently (Table S4, Supporting Information). The results also suggest that some patients experience both upper and lower gastrointestinal AEs, most commonly nausea followed within 10 days by diarrhoea---an observation not, to our knowledge, previously reported.

Incidences of gastrointestinal AEs differed between the GLP‐1RAs investigated. Upper gastrointestinal AEs were less common for exenatide once weekly, compared with exenatide twice daily and liraglutide. In contrast, the frequency of lower gastrointestinal AEs was similar across treatment groups, although diarrhoea occurred more frequently with liraglutide than with exenatide once weekly. Constipation was uncommon, and most patients reporting constipation also reported diarrhoea at a different time during treatment. While constipation has been reported by patients treated with GLP‐1RAs, its incidence in clinical trials has varied considerably between agents.[11](#dom12872-bib-0011){ref-type="ref"}, [12](#dom12872-bib-0012){ref-type="ref"}, [13](#dom12872-bib-0013){ref-type="ref"}, [14](#dom12872-bib-0014){ref-type="ref"}, [15](#dom12872-bib-0015){ref-type="ref"}, [16](#dom12872-bib-0016){ref-type="ref"} Patients who reported both upper and lower gastrointestinal AEs were more commonly treated with liraglutide than with exenatide once weekly; however, there was no significant difference between exenatide once weekly and exenatide twice daily. It is likely that a similar analysis with other GLP‐1RAs would also show differences in the incidence of gastrointestinal AEs. In head‐to‐head studies, albiglutide was associated with lower rates of nausea and vomiting compared with liraglutide,[17](#dom12872-bib-0017){ref-type="ref"} while gastrointestinal AE rates were similar for dulaglutide 1.5 mg vs exenatide twice daily or liraglutide and lower for dulaglutide 0.75 mg vs exenatide twice daily.[18](#dom12872-bib-0018){ref-type="ref"}, [19](#dom12872-bib-0019){ref-type="ref"}

Several studies have suggested a possible relationship between gastrointestinal symptoms and HbA1c in patients with T2D,[10](#dom12872-bib-0010){ref-type="ref"}, [20](#dom12872-bib-0020){ref-type="ref"}, [21](#dom12872-bib-0021){ref-type="ref"}, [22](#dom12872-bib-0022){ref-type="ref"} with symptoms occurring more frequently in patients with poor glycaemic control and higher HbA1c levels, possibly because of the impact of long‐term poor glycaemic control on diabetic complications, such as autonomic neuropathy; however, this association was not observed in the present analyses. Additionally, the presence of gastrointestinal AEs as a whole did not influence changes in HbA1c in response to therapy; however, in the pooled analysis, patients who reported gastrointestinal AEs had significantly greater weight loss than those who did not in both the exenatide once‐weekly and exenatide twice‐daily groups, although absolute differences in mean weight loss were \<1 kg. This is consistent with the outcome of a recent analysis of 12 studies that found that weight loss among exenatide once‐weekly‐treated patients was greater for those with nausea/vomiting at 24 weeks than those without (−3.1 kg vs −2.2 kg; *P* \< .05).[23](#dom12872-bib-0023){ref-type="ref"}

Although it is commonly perceived that GLP‐1RAs cause gastrointestinal AEs by slowing gastric emptying, there is, in general, a weak relationship of symptoms with delayed gastric emptying.[24](#dom12872-bib-0024){ref-type="ref"} Moreover, symptoms occur in the fasted state[25](#dom12872-bib-0025){ref-type="ref"}; therefore, it is likely that centrally mediated effects are important. While the effects of GLP‐1RAs on regions of the gut other than the stomach have not been extensively studied, the potential for exenatide twice daily to inhibit small intestinal motor function was recently demonstrated,[3](#dom12872-bib-0003){ref-type="ref"} and such effects may contribute to lower gastrointestinal symptoms such as diarrhoea or constipation.

Possible reasons for differences in gastrointestinal AEs between GLP‐1RAs include differences in drug concentration profiles; the half‐life and time to minimal effective and steady‐state concentrations are much longer for exenatide once weekly than for exenatide twice daily or liraglutide.[11](#dom12872-bib-0011){ref-type="ref"}, [26](#dom12872-bib-0026){ref-type="ref"}, [27](#dom12872-bib-0027){ref-type="ref"} GLP‐1RAs also differ in their ability to cross the blood--brain barrier, with small‐molecule GLP‐1RAs such as exenatide, liraglutide and lixisenatide being able to enter the brain, whereas larger GLP‐1RAs such as albiglutide cannot[27](#dom12872-bib-0027){ref-type="ref"}, [28](#dom12872-bib-0028){ref-type="ref"}, [29](#dom12872-bib-0029){ref-type="ref"}; it is possible that these differences impact centrally mediated AEs. It was recently established that tachyphylaxis occurs for the effects of exogenous glucagon‐like peptide‐1 on the slowing of gastric emptying with prolonged exposure.[30](#dom12872-bib-0030){ref-type="ref"} Thus, while short‐acting GLP‐1RAs such as exenatide twice daily are likely to have a sustained effect to slow gastric emptying substantially, this effect is likely to be markedly diminished with longer‐acting formulations such as exenatide once weekly or liraglutide.[4](#dom12872-bib-0004){ref-type="ref"}, [26](#dom12872-bib-0026){ref-type="ref"} It is unknown whether a similar phenomenon applies to the effects of GLP‐1RAs on other gut regions (eg, the small or large intestine), or for the central effects of these agents.

In the present analysis we also examined whether any patient characteristics influenced the gastrointestinal effects of GLP‐1RAs. For all treatments, upper gastrointestinal AEs were reported more frequently by women than men; this is consistent with pooled analyses of 7 studies of exenatide once weekly[31](#dom12872-bib-0031){ref-type="ref"} and 16 studies involving exenatide twice daily.[32](#dom12872-bib-0032){ref-type="ref"} Even aside from drug studies, gastrointestinal symptoms are consistently reported more frequently in women than men, with or without diabetes,[10](#dom12872-bib-0010){ref-type="ref"} for reasons that are not well understood.

When analysed by race/ethnicity, there were inconsistent outcomes for comparisons of exenatide once weekly vs exenatide twice daily and exenatide once weekly vs liraglutide. This suggests that race/ethnicity has little, if any, effect on the occurrence of gastrointestinal AEs and is consistent with previous pooled analyses of 7 exenatide once‐weekly studies[31](#dom12872-bib-0031){ref-type="ref"} and 16 exenatide twice‐daily studies.[32](#dom12872-bib-0032){ref-type="ref"} Finally, metformin use had no significant effect on the proportion of patients experiencing gastrointestinal AEs. This contrasts with a previous study indicating a strong association of diarrhoea and faecal incontinence with metformin use in T2D.[33](#dom12872-bib-0033){ref-type="ref"} Given that metformin use was stable before study entry, it is possible that individuals who had AEs from metformin were not represented in the study populations.

Limitations inherent in *post hoc* analyses include their retrospective nature and the potential for selection bias resulting from differences between patients eligible for clinical trials and those seen in clinical practice. Furthermore, we focused on three specific GLP‐1RAs evaluated in the exenatide once‐weekly development programme, rather than the class as a whole, and the studies were not placebo‐controlled (ie, the lack of a placebo group made it difficult to determine how many gastrointestinal AEs were unrelated to study medication); moreover, patient histories of gastrointestinal disorders before study entry were not systematically recorded. Recording of gastrointestinal AEs was based on patient reports, which are likely to represent an underestimate of the true incidences.[34](#dom12872-bib-0034){ref-type="ref"} Furthermore, gastrointestinal AE data were not adjudicated, study investigators were not instructed in common gastrointestinal terminology, patients did not use a rating scale for severity of symptoms, and the timing and duration of events were not recorded precisely. Nevertheless, the proportions of patients reporting gastrointestinal AEs are in line with previous studies involving GLP‐1RAs.[1](#dom12872-bib-0001){ref-type="ref"}

In conclusion, the present study provides detailed information on the gastrointestinal tolerability of three GLP‐1RAs based on patient‐level data from the exenatide once‐weekly clinical trial programme. Gastrointestinal AEs were usually mild and transient and particularly affected the upper gastrointestinal tract, and occurred more frequently with exenatide twice daily and liraglutide than with exenatide once weekly. These insights inform physician and patient expectations of potential experiences when initiating GLP‐1RA therapy.
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